Secondary mitotic human skin fibroblast populations in vitro underwent 53 ± 6 cumulative population doublings (CPD) in 302 ± 27 days. When the growth capacity of the mitotic fibroblasts is exhausted, and if appropriate methods are applied, the fibroblasts differentiate spontaneously into postmitotic fibroblast populations, which were kept in stationary culture for up to 305 ± 41 additional days. Mitotic and postmitotic fibroblast populations are heterogeneous populations with reproducible changes in the proportions of mitotic
The ontogenetic development of the normal fibroblast cell systems in vertebrate and mammalian organisms in vivo and in vitro is not fully understood. In vivo, a metabolically inactive (1) and a metabolically active (2) fibroblast have been described; in primary in vitro cell systems, a differentiation sequence of three mitotic fibroblasts, F I-F II-F III, with distinct cell-type-specific biological and biochemical properties have been described in BN (brown Norway) rat skin (3) .
In vitro, normal secondary fibroblast populations have a definite mitotic lifespan, which in some species (e.g., chicken and man) is followed by cellular degeneration (4, 5) and in other species (e.g., mouse and rat) is succeeded by cellular transformation (6, 7) . Distinct morphotypes and quantitative and/or qualitative disparities for a multitude of biochemical parameters are recorded for secondary human fibroblasts in early and late passages in vitro (8) (9) (10) (11) . No attempts have been undertaken to correlate the distinct fibroblast cell types with dissimilarities in biochemical parameters in secondary human fibroblast populations at nonidentical passage levels. As a consequence, in biological and biochemical studies of cells, secondary fibroblast populations often have been dealt with like homogeneous nondifferentiating cell systems. Secondary BN rat fibroblast populations in vitro have been shown to be composed of three mitotic fibroblasts, the fibroblasts F I, F II, and F III, which exhibit cell-type-specific biological and biochemical dissimilarities (7) . The BN rat fibroblasts differentiate along the cell lineage F I-F II-F III; the cell-type frequency is a function of the cumulative population doubling (CPD) level of the secondary mass populations studied (7) .
For secondary fibroblast populations of various species (12) (13) (14) , postmitotic fibroblast populations have been described to live for longer periods in stationary culture in vitro. On the basis of these findings, it has been assumed that the fibroblast cell systems are terminally differentiating stem-cell systems (15, 16) . We will provide morphological and biochemical evidence that secondary human skin fibroblasts of the cell line HH-8 in vitro differentiate along a terminal stem-cell-like lineage with the mitotic fibroblasts F I-F II-F III, the postmitotic fibroblasts F IV-F V-F VI, and the degenerating fibroblast F VII in three morphologically recognizable differentiating cell compartments of the fibroblast stem-cell system.
MATERIALS AND METHODS
Cell Cultures. Primary skin fibroblast populations of the cell line HH-8 were established from the lower right abdominal region of an 8-yr-old female donor as described (17 (18) . After labeling, homogeneous subpopulations (50-100 cells) of mitotic fibroblasts F I, F II, and F III and of postmitotic fibroblasts F IV, F V, and F VI were surrounded by silicone-sealed glass rings. Cells were lysed by lysis buffer, and after determination ofradioactivity, aliquots of the various samples (containing 500,000 cpm) were analyzed by two-dimensional polyacrylamide gel electrophoresis, as described (18) . (Fig. 2 A-C) . F I is a small spindle-shaped cell ( Fig. 2A) , F II is a small epithelioid cell (Fig. 2B) , and F III is a larger pleiomorphic epithelioid cell (Fig. 2C) . The postmitotic fibroblast population is mainly composed offour postmitotic cell types, for which we suggest the terms fibroblast IV = F IV, fibroblast V = F V, fibroblast VI = F VI, and fibroblast VII = F VII (Fig. 2 D-G) . Since fibroblasts F IV, F V, F VI, and F VII represent the postmitotic cells of the fibroblast cell lineage, they could also be named fibrocytes F IV, F V, F VI, and F VII. F IV is a large spindle-shaped cell (Fig. 2D) , F V is a larger epithelioid cell (Fig. 2E) , F VI is the largest epithelioid cell of the fibroblast series (Fig. 2F) , and F VII is the degenerating fibroblast (Fig. 2G) Fig. 3 and/or qualitative differentiation-dependent differences appeared mainly in the regions marked by insets (Fig. 4) . When homogeneous subpopulations of nearly 95% purity for one mitotic (F I, F II, or F III) and one postmitotic (F IV, F V, or F VI) fibroblast cell type were analyzed, differentiationdependent and cell-type-specific qualitative and/or quantitative changes in the expression of specific proteins could be observed. Proteins specific for mitotic fibroblasts F I, F II, and F III could be identified in region 3 (Fig. 5A) (Fig. 5A) . Postmitotic fibroblasts F IV were characterized by the appearance of the differentiation-dependent proteins PIVa (33 kDa/p1 5.0) in region 7 (Fig. SB) and PIVb (31 kDa/p1 9.2) in region 1 (Fig. SC) , which were not expressed in mitotic fibroblasts F I, F II, and F III. The postmitotic fibroblast Cell-type frequencies of mitotic fibroblast (MF) and postmitotic fibroblast (PMF) populations were determined in low-density mass cultures. In seven experimental series, the relative proportions ofthe different fibroblast cell types were analyzed by identifying the cells by morphological criteria (Figs. 2 and 3) . At different time points (CPD level or days in stationary culture shown in parentheses), at least 4000 cells were analyzed in random microscopic fields.
RESULTS
(31 kDa/p1 9.2) and protein PVb (32 kDa/p, 9.0), that were absent in fibroblasts of the differentiation states F , F II, F III, and F IV (Fig. 5C) . In postmitotic fibroblasts of the terminal differentiation state F VI, four specific proteins did appear in region 3 that were not expressed in fibroblasts of earlier differentiation states-protein PVIa (33.5 kDa/p1 8.0), protein PVIb (31.5 kDa/p1 7.8), protein PVIc (30 kDa/p1 7.3), and protein PVId (37 kDa/p1 7.3) (Fig. SD) . Thus, along the cell lineage F I-F II-F 11-F IV-F V-F VI, the expression of specific proteins is sequentially turned on, depending upon the cytodifferentiation state of the fibroblasts studied.
As shown by degradation experiments using ammonium chloride to inhibit intracellular protein degradation (19) , the relative abundance of these proteins was the same in the presence and absence ofthe inhibitor, indicating that they are not degradation products (data not shown).
DISCUSSION
The morphological and biochemical data provided make it evident that secondary human skin fibroblasts of the cell line HH-8 in vitro can spontaneously differentiate along a sevenstage terminal cell lineage F I-F II-F III-F IV-F V-F VI-F VII, when the routine cell culture techniques for fibroblasts are modified and standardized. (3, 7, 20) . Similarities in the design of the multistage differentiation sequence in the four species studied make it likely that the fibroblast differentiation sequences described represent parts of a general fibroblast stem-cell system, which in its plan seems to resemble that of the hematopoietic stem-cell system. Human fibroblasts in vitro have a finite mitotic lifespan, which is followed by cellular degeneration (5) . This limited lifespan has been interpreted as a manifestation of aging and death at the cellular level (5) . Various theories concerning the molecular mechanisms of cellular aging and death of fibroblasts have been formulated and tested in in vitro fibroblast populations. These theories can be summarized as (i) differentiation theories (15, 21, 22) , (ii) error theories (4, (23) (24) (25) (26) , and (iii) virus theories (27) . The data presented in this paper show a morphological and biochemical seven-stage differentiation sequence of cellular aging and death of human fibroblasts in vitro in the three morphologically recognizable differentiating cell compartments of the fibroblast stem-cell system. As a consequence, most data from other experiments designed to test the various theories of cellular aging and death of fibroblasts in nondefined fibroblast cell systems should be reexamined and/or reevaluated in the light ofthe stem-cell-system nature of the fibroblast system. This work was supported by grants from the Deutsche Forschungs-
